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Abstract 
Damping properties are of significant importance in determining the dynamic response of structures, and accurate 
prediction of them at the des ign stage, especially in the case of light-weight structures is very desirable. 
Unfortunately, damping parameters cannot be deduced determin istically from other structural properties and 
recourse is generally made to data from experiments conducted on comp leted structures of similar characteristics. 
Such data is scarce but valuable, both for direct use in design and for furthering research into the phenomenon and 
modelling of damping. Till date, no work has been reported on the estimation of the damping rat io of the material 
purely from its elastic and physical constants. In this work, an effort has been made to obtain modal damping ratio  
for the fundamental mode of the structure from both analytical and experimental technique. The damping properties 
of PURE materials such as Aluminium, Polyurethane foam, Cork material, and of laminated composites (GFRP 
materials), are determined by classical modal analysis and also from their respective shear modulus and density 
constants. These theoretical developments in line with classical modal analysis, g ive impetus towards understanding 
damping mechanisms in Hybrid composite systems. 
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1. Introduction 
 
Advances in analytical techniques, combined with the availability of newer and more efficient materials, have 
facilitated the design of lighter and mo re flexible structures. These advanced structures are known to be much  more 
responsive to dynamic loadings than their solid p redecessors. As a consequence, it has become more important to 
accurately assess dynamic properties, such as damping and natural frequencies. In  particular, damping which is a 
measure of energy dissipation in vibrat ing systems plays a major role in the assessment of serviceability limit states. 
The damping ratio is a parameter, usually denoted by ζ (zeta) that characterizes the frequency response of a second 
order ordinary d ifferential equation. Sandwich panels are designed to take higher shear loads and also bear the 
characteristics of higher vibrat ion damping capacity. The sandwich  panels absorb large a mounts of energy; they are 
also often used as a “cushion” against external loads. These materials are lightweight, have good shear properties 
and higher strength.  
 
Over the past two decades, researchers Sarginis (2012), Hammami et al. (2005), Bardell et al. (1997), have focused 
on design and fabrication of sandwich panels with higher damping capacity and with light weights  structures. 
ASTM Standard E756-05 (2005) have has described standard test method for measuring vibrat ion damping 
properties of materials. In sandwich panels, layers of composite materials are stacked one above the other to obtain 
multilayer composite material. For the estimat ion of damping capacity and their natural frequencies of multilayer 
sandwich panels many researchers like Amit Kumar (2013), Jinshui et al. (2013), Q.L. Liu and Y.Zhao (2001), 
H.L.Fan et al. (2011), B.C. Nakra (1998), have focused on parametric analysis, prediction by thick plate theory and 
generalized finite element approach and on viscoelastic damping. Matteo Bianchi et al.  (2013) have studied 
vibration transmissibility and damping behaviour for auxet ic and conventional foams under linear and nonlinear 
regimes. Th is work describes the vibration trans missibility behaviour in conventional and auxetic (negative 
Poisson's ratio) foams under low and high amplitude vibrations. Kant et al. (1989) have employed a finite element 
method based on Mindlin's theory in the pred iction of the dynamic transient response of mult i-layered composite 
sandwich plates.  
Chen et al. (1999) have presented an order-reduction-iteration approach for vibrat ion analysis of viscoelastically  
damped sandwiches. In this approach the damping property of all kinds of viscoelastically damped sandwich 
structures can be predicted by an approach which consists of two steps, i.e., the first-order asymptotic solution of the 
non-linear real eigen equation and the order-reduction-iteration of the non-linear complex eigen equation. In the 
investigation carried out by Bhimaraddi (1995), sandwich  beams and constrained layer damping in beams is 
analysed. In this approach a three-layered  beam theory has been discussed in which the continuity of d isplacements 
and the transverse shear stresses is satisfied at the interfaces. Lifshitz et al. (1987) have investigated the optimal 
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sandwich beam designs for maximum viscoelastic damping. In this study complex coefficients of a sandwich beam 
in free v ibrations and with a sixth -order equation of motion was considered. Rebillat et al.  (2011) have formulated a 
method to measure relevant elastic and damping properties for the constituents of a sandwich structure by using 
high-resolution modal analysis techniques. Frequencies and damping of the natural modes of the plate were 
obtained. Experimental investigations carried out by Wang et al. (2000) focused on damping behaviour of laminated 
honeycomb cantilever beams with fine solder balls enclosed in the cells as dampers. The investigations on the 
damping effect of viscoelastic materials on sandwich beams has been carried out by Bangarub abu (2012) where in  
the dynamics of bare beams with free and constrained viscoelastic layers were studied. A detailed study carried out 
by Macro Matter et al.  (2011) investigated the identification of the elastic and damping properties in  sandwich 
structures with a low core-to-skin stiffness ratio. They developed a procedure with a mixed numerical-experimental 
identification procedure for estimat ing the storage and loss properties in a sandwich structures with a soft core. A  
study carried  out by Mohan Rao (2003), describes the application  of passive damping technology using viscoelastic 
materials to control noise and vibrations in vehicles and in commercial airplanes. This study details the usage of 
special spray paints and special damped laminates which can be produced in mass which are widely used in the 
automotive and aerospace industry for variety of applications.  
 
In the light of the above, undoubtedly very meagre in formation is available on the investigations carried out in the 
area of combination of polyurethane foam and natural cork as core inserts in the multilayer hybrid composite 
materials. For the estimation of modal parameters like modal frequency and modal damping characteristics of the 
materials, the general approach more frequently used are experimental techniques such as Fast Fourier 
Transformat ion [FFT] and shaker testing techniques. However research in the area of estimat ing the damping ratio  
of the material from their elastic and physical constants is very scanty & scarce. Hence in this work an attempt has 
been made to evaluate damping ratio of sandwich composite through elastic constants. 
  
Polyurethane foams of d ifferent densities are combined with higher damping capability materials like natural cork to 
form multilayer hybrid cored sandwich panels [HSW], and their performance for vibrat ion damping is carried  
through experimental FFT analysers. In the search for designing and fabricating sandwich panels with higher 
damping capability, efforts have been made to vary the volume fraction of th e core material of the sandwich and to 
evaluate the damping capacity of these materials. The main aim of this research paper is to establish the estimat ion 
of the damping properties of the hybrid composites from their elastic constants considering their vo lume fraction in  
the core of the sandwich panels. The damping ratios were first determined experimentally and then compared 
analytically by using the Inverse damping ratio equation. The present method developed has the advantage that, 
once the elastic constants of the material are known in a suitable form, one can calculate modal damping. But, this 
method is applicable to fundamental mode only. 
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2. Materials & Methods. 
In the present study Glass fiber rein forced plastics [GFRP] are used as face sheets. Polyurethane foams of different 
densities with natural cork are used as core materials.  
 
2.1 Fabrication of Facesheet: (GFRP panels). 
GFRP facesheets have been fabricated through vacuum bag mold ing technique as shown in figures 1& 2. Vacuum 
eliminates the entrapped air and excess resin. The adhesive used is epoxy  resin LY 556 mixed with hardener HY 
951 in the weight ratio  of 10:1. After ensuring the surface is clean and free from foreign particles, a  coat of releasing 
agent is applied. GFRP face sheet were cured for three hours at a temperature of 1000 C and are cut to dimensions of 
160 mm x 160 mm x 1mm. 
 
  
Fig1: Laying of Bi-woven Glass sheet  Fig 2: Fabrication of GFRP Faces sheet  
 
 
 
2.2 Fabrication of Multilayer Hybrid composite panels.  
Multilayer hybrid cored sandwich panels are fabricated by using GFRP as facesheets and polyurethane foams of 
densities 65 kg/m3and 400 kg/m3 and natural cork of 300 kg/m3 densities as core materials. The core materials are 
stacked in sequence and are bonded together using epoxy resin with vacuum bag mould ing process. GFRP 
facesheets are bonded on top and bottom face of core materials. Fabrication and stacking sequences of multilayer 
hybrid cored sandwich panels are as shown in figures 3, 4, 5 & 6. 
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Fig3: Stacking Sequence of PUF and Cork Fig 4: Stacking of PUF 400 and PUF 65  
 
.  
Fig 5:Bonding of PUF and GFRP  Fig 6: Bonding of PUF stack and GFRP  
 
2.3 Material properties for estimating Modal damping 
The Young’s modulus and Shear modulus of PUF with d ifferent densities were obt ained by equations 1 and 2 as 
suggested by Gibson and Ashby [22]. The material p roperties for aluminium and for cork were obtained from the 
manufacturer and elastic properties of GFRP were taken from our earlier works [23]. 
 
 
1.9
S
S ρ
ρEE    (1) 
 
)1(*2
EG    (2) 
Where, Es = 1.66 GPa, s = 1200 Kg/m
3. 
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 Table 1: Physical and elastic properties of materials – Pure Materials 
Sl. 
No. Material 
 
Kg/m3 
Es 
GPa 
E 
GPa  
G 
GPa 
Dimensions 
(mm) 
1. Aluminium 2758 - 69.00 0.34 25.75 160 x 160 x 1 
2. GFRP 1610 - 16.84 0.25 6.73 160 x 160 x 1 
3. CORK 300 300 - 0.047 0.25 0.0188 160 x 160 x 26 
4. PUF 65 65 1.66 0.0065 0.25 0.0026 160 x 160 x 26 
5. PUF 400 400 1.66 0.2060 0.25 0.0824 160 x 160 x 26 
 
 Table 2: Details of geometric dimensions & Elastic constants 
tc = 26 mm 
L = 160 mm 
B = 160 mm 
 
 
Sl. 
No. Material 
LMC 
mm 
LMI 
mm 
EMC 
GPa 
MC 
Kg/m3 
EMI 
GPa 
MI 
Kg/m3 
1. PUF65 / PUF400 (VMI = 0.25) 120 40 0.0065 65 0.206 400 
2. PUF65 / PUF400 (VMI = 0.50) 80 80 0.0065 65 0.206 400 
3. PUF65/ PUF400 (VMI =0.75) 40 120 0.0065 65 0.206 400 
4. PUF65 / CORK300 (VMI = 0.25) 120 40 0.0065 65 0.047 300 
5. PUF65 / CORK300 (VMI = 0.50) 80 80 0.0065 65 0.047 300 
6. PUF65 / CORK300 (VMI = 0.75) 40 120 0.0065 65 0.047 300 
7. CORK300 / PUF400 (VMI = 0.25) 120 40 0.047 300 0.206 400 
8. CORK300 / PUF400 (VMI = 0.50) 80 80 0.047 300 0.206 400 
9. CORK300 / PUF400 (VMI = 0.75) 40 120 0.047 300 0.206 400 
From Table-2  
 For sl.no 1, 2 & 3, PUF 65 is core material, with PUF 400 as insert material 
 For sl.no 4, 5 & 6, PUF 65 is the core material, with CORK 300 as insert material. 
 For sl.no 7, 8 & 9, CORK 300 is the core material, with PUF 400 as insert material. 
Density for the core material is calculated by (Series combination rule of mixture) and is  given by equation-3: 
 MIMIMCMCC VV   (3)       
LMI LMC 
L 
LMC 
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Young’s modulus and Shear modulus for core material with PUF and its combination are calculated by equations 1 
& 2 and for core material with PUF and CORK materials combination are calcu lated by equations 4 & 2 
respectively. 
 MIMIMCMCC VEVEE   (4)  
 
Table 3: Elastic constants of hybrid core - based on Gibson equation [PUF and its combination] 
Sl. 
No. Material 
tc 
mm 
Ec 
GPa 
c 
Kg/m3 
Gc 
GPa 
1. PUF65 / PUF400 (VMI  = 0.25) 26 0.0314 149 0.0126 
2. PUF65 / PUF400 (VMI  = 0.50) 26 0.0734 233 0.0294 
3. PUF65/ PUF400 (VMI  = 0.75) 26 0.1320 316 0.0528 
 
 
Table 4: Elastic constants of hybrid core - based on series combination Rule of Mixtures[PUF and CORK material combination] 
 
Sl. 
No. Material 
tc 
mm 
Ec 
GPa 
c 
Kg/m3 
Gc 
GPa 
1. PUF65 / CORK300 (VMI  =0.25) 26 0.0166 124 0.0066 
2. PUF65 / CORK300 (VMI  =0.50) 26 0.0268 183 0.0107 
3. PUF65 / CORK300 (VMI =0.75) 26 0.0369 241 0.0148 
4. CORK300 / PUF400 (VMI  =0.25) 26 0.0868 325 0.0347 
5. CORK300 / PUF400 (VMI= 0.50) 26 0.1270 350 0.0508 
6. CORK300 / PUF400 (VMI =0.75) 26 0.1660 375 0.0664 
 
3 Vibration damping Measurement 
All the specimens are subjected to impulses through a hard tipped hammer which is provided with a force t rans ducer 
(PCB make) with a sensitivity of 2.25 mV/N and the response has been measured through the accelerometer (PCB 
make) with a sensitivity of 10 mV/g. The impulse and the response are processed on a computer aided FFT analyser 
test system in order to extract the modal parameters with the aid of analysis software. The sandwich specimen has 
been subjected to impulses at 25 station locations. Accelerometer was employed to record the response at station 5 
as shown in Figure 7.Figures 7& 8, shows the modal test ing for Free-Free condition of GFRP-PUF and PUF-CORK 
sandwich panels. Figure -9 shows the modal test setup with vibrat ion test fixture and with a data analyser. Modal 
testing for pure GFRP, Aluminium and cork are illustrated in Figures 10, 11 and12 respectively. 
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Fig 7: Grid points on the specimen Fig 8: Free suspension of the specimen 
  
Fig 9: Vibration test setup Fig 10: Modal testing for GFRP sheet  
  
Fig11: Modal testing for pure Aluminium Fig 12: Modal testing for natural Cork 
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Fig 13: FRF for PUF-65 
 
Fig 14: FRF for Pure PUF-400 
The tests were conducted for all the types of specimen with free-free boundary condition and the results are 
recorded. The modal damping of the indiv idual specimen was extracted using the FRF curves as shown in Figures 
[13 & 14] and the individual mode shapes were recorded. 
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4 Estimation of modal Damping 
 
Considering the results of damping ratios for wide range of materials obtained from modal test, a new approach 
relating to estimate damping ratio and specific modulus has been attempted.  The damping ratio is derived in terms 
of an inverse power law of specific modulus as per Equation-5. The values of damping rat io predicted using 
Equation 5 for different materials is indicated in Table 5. 
 
4.1 Estimation of damping ratio for PURE material 
 
Modal test has been carried out on PURE materials with free -free vibration conditions with dimensions as given in 
Table 1. The damping ratio for the above mentioned materials are predicted by the equation -5. 
3
1
2.1 GP   (5) 
Table 5: Damping ratio of pure materials [predicted and experimental values] 
Sl. 
No. Material 
 
Kg/m3 
G 
GPa 
P   
Error  
% 
1. Aluminium 2758 25.75 0.006 0.006 5 
2. GFRP 1610 6.73 0.007 0.008 7 
3. CORK 300 300 0.0188 0.030 0.033 8 
4. PUF 65 65 0.0026 0.035 0.032 -10 
5. PUF 400 400 0.0824 0.020 0.019 -7 
 
4.2 Estimation of damping ratio for Monolithic Sandwich Panel (MSW) 
 
Further investigation has been carried out on Monolithic sandwich panels (MSW). These  sandwich panels are 
fabricated with PURE core materials made of PUF65, PUF 400 and CORK 300. In this approach damping ratio of 
the core material is given by Equation 6. Gc and c are taken from Table (3 & 4). 
 
3
1
2.1
C
C
C
G
   (6) 
The damping ratio for MSW panels are predicted by Equation – 7 
  
C
C
FS
FS
P
SW
VV1
    (7) 
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 The physical & geometric parameters of MSW are as shown in Table 6. 
 
Table 6: Damping ratio of monolithic sandwich panels (predicted and experimental values) 
tFS = 1 mm : tc = 26 mm : tsw = 28 mm 
Face sheet  = GFRP: 
c predicted from Gc and c 
(Table-1 and Equation-6) 
Free – Free vibrat ion : No  constraint 
condition; L = 160 mm ; B = 160 mm 
FS C
FS V -1 V ;  t2 
SW
FS t
V  
 
Sl. No. Material FS c PSW  SW  Error %  
1. MSW (PUF 65) 0.0075 0.0352 0.028 0.026 -7 
2. MSW (PUF 400) 0.0075 0.0204 0.018 0.016 -14 
3. MSW (Cork 300) 0.0075 0.0303 0.025 0.027 8 
 
4.3. Estimation of damping ratio for Hybrid cored sandwich panels  
 
Experimental investigation on (HSW) with different Volume fract ion and combination of core materials 
such as PUF65, PUF 400 and CORK 300 were conducted. The damping ratio  for HSW  panels is pred icted 
by using Equation – 7. The physical& geometric dimensions of HSW are provided in Table 7. 
 
Table 7: Damping ratio of hybrid cored sandwich panels (predicted and experimental values)  
 
tFS = 1 mm : tc = 26 mm   
tsw = 28 mm, Face sheet  = GFRP 
c  predicted from Gc and c 
(Table 3 & 4 and Equation-6) 
Free – Free vibration : No constraint condition 
L = 160 mm ; B = 160 mm 
FSCFS VVV 1     ;t
t2 
SW
FS  
 
Sl. No. Material FS c 
P
SW  SW  Error % 
1. HSW (PUF65/ 
Vf = 0.25PUF400) 
0.0075 0.0274 0.0231 0.0250 7.8 
2. HSW (PUF65/ 
Vf = 0.50PUF400) 
0.0075 0.0240 0.0207 0.0190 -9.2 
3. HSW (PUF65/ 
Vf = 0.75PUF400) 
0.0075 0.0219 0.0192 0.0170 -13.2 
4. HSW (PUF65/ 
Vf = 0.25CORK300) 
0.0075 0.0319 0.0259 0.0230 -12.5 
5. HSW (PUF65/ 
Vf= 0.50CORK300) 
0.0075 0.0310 0.0253 0.0250 -1.3 
6. HSW (PUF65/ 
Vf= 0.75CORK300) 
0.0075 0.0306 0.0251 0.0250 -0.2 
7. HSW (CORK300/ 
Vf = 0.25PUF400) 
0.0075 0.0254 0.0217 0.0250 13.2 
8. HSW (CORK300/ 
Vf = 0.50PUF400) 
0.0075 0.0230 0.0200 0.0190 -5.3 
9. HSW (CORK300/ 
Vf = 0.75PUF400) 
0.0075 0.0214 0.0189 0.0170 -11.3 
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5. Discussion 
 
From Table-7 it is evident that the only PUF and CORK combinations provide higher damping capacity. PUF and 
PUF combination as the core materials does not exhibit h igher damping capacity. Also from the table it can be 
observed that the PUF 65 & CORK core combination exh ibit h igher damping capacity compared to PUF 65 & PUF 
400 combination. If we consider the two cases: 
 
1. PUF65+CORK (Vf =0.75) core density is 241 kg/m3 and Core shear modulus 0.0148 GPa and has damping  
value of  0.0251 with error of -0.2. 
2. CORK 300+PUF 400 (Vf =0.75) core density is 375 kg/m3 and Core shear modulus 0.0664 GPa and has 
damping value of 0.0189 with error of 11.3 
 
The variation of density percentage is 55%, variation in shear modulus is 48 % and that of damping is 25%. 
This experimental and predicted damping value clearly  ind icates that lower density PU foam combination with cork 
provides higher damping capacity for the structure. The effect of density and of shear modulus plays significant role 
in deciding the damping value of the specimen. 
 
6. Conclusions 
 
A simple analytical expression for estimating damping ratio in terms of specific modulus has been established for 
monolithic and also for laminated hybrid cored multilayer sandwich composite materials. While a simple inverse 
power law relates damping rat io and specific modulus for monolithic materials, a parallel combination rule of 
mixture relate damping rat io and specific modulus for mult ilayer hybrid  sandwich composite materials.  These 
expressions has been validated for PURE materials such as Aluminium, GFRP, Po lyurethane foams of different 
densities, Natural cork, hybrid laminated sandwich composites with different volume fract ions of polyurethane 
foams and natural cork as core material. The results obtained are validated with exper imental modal testing and 
found to be in good agreement. 
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Appendix-1 
Nomenclature  
Symbol 
Description 
E Young’s Modulus  
G Shear modulus 
 Density 
 Poisson’s ratio 
Es Young’s Modulus of Solid material 
Gs Shear modulus of Solid material 
s Density of Solid material 
LMC Length of core material 
LMI Length of insert material. 
EMC Young’s modulus of core material 
EMI Young’s modulus of insert material. 
MC Young’s modulus of core material 
MI Young’s modulus of insert material 
VMC Volume fraction of core material 
VMI Volume fraction of insert material. 
VFS Volume fraction of face sheet material 
Vc Volume fraction of core material 
C Total density of the core material 
EC Total Young’s modulus  of the core material 
GC Total Shear modulus of the core material 
tC Total core thickness 
P Damping ratio – Predicted values (PURE material) 
 Damping ratio – Experimental values (PURE material) 
C Damping ratio of  core material– Predicted values 
FS Damping ratio of  face sheet material– Predicted values 
 Damping ratio of  sandwich panel– Predicted values 
 Damping ratio of  sandwich panel– Experimental values 
L Length of Sandwich panel 
B Breadth of Sandwich panel 
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